he reproducibility of scientific studies has recently come under increased scrutiny in both the popular and scientific press. 1 Studies from various disciplines (e.g., psychology, health sciences) have revealed failures to reproduce and replicate research. 2 This has led to declarations that science is experiencing a "reproducibility crisis" and that this crisis has negative consequences for science, the public, and public policy. Two of the authors have previously published on reproducibility and the services and expertise librarians and libraries offer that make the library community a key part of supporting reproducible research, and we direct you to these articles for more information on this broader topic.
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T
he reproducibility of scientific studies has recently come under increased scrutiny in both the popular and scientific press. 1 Studies from various disciplines (e.g., psychology, health sciences) have revealed failures to reproduce and replicate research. 2 This has led to declarations that science is experiencing a "reproducibility crisis" and that this crisis has negative consequences for science, the public, and public policy. Two of the authors have previously published on reproducibility and the services and expertise librarians and libraries offer that make the library community a key part of supporting reproducible research, and we direct you to these articles for more information on this broader topic. 3 In this article we extend this work to government documents by outlining some of the government publications and information related to reproducibility. Funders, including government agencies, have responded with specific recommendations and guidelines for researchers and we include some of those materials here. This issue has also been politicalized by actors and groups looking to undermine science and evidencebased policy. Therefore these issues have increased relevance for all librarians and the public at large.
Briefly, we adopt a distinction between reproducibility and replicability where reproducibility is defined as "the ability of a researcher to duplicate the results of a prior study using the same materials and procedures as were used by the original investigator." Whereas replicability is defined as "the ability of a researcher to duplicate the results of a prior study if the same procedures are followed but new data are collected." 4 Thus, reproducibility largely relates to accurate reporting and transparency and is especially relevant to the work of librarians as demand rises for guidance and assistance with reproducibility within the research lifecycle. This often entails assistance with managing data and data sharing requirements, finding repositories for preregistering studies and analysis, and finding discipline-specific guidelines for what to report in a research publication to promote transparency and reproducibility. A call for data availability and transparency of data used for federal policy-making has grown out of the research publishing world where data transparency and sharing has become a best practice across disciplines. Libraries are uniquely situated to assist faculty, researchers, and graduate students in thinking and moving proactively through the research lifecycle with these tenets in mind. A number of the government publications included below refer to "sound science" and "questionable research practices." It is important to understand the context behind these phrases. The phrase sound science is sometimes used to create scientific doubt and therefore limit or delay government action, and examples include attempts to stall regulation related to secondhand smoke and climate change. 5 Questionable research practices, often shortened to QRPs, are referenced by government officials (as noted in this article) but also widely referenced by researchers. QRPs could refer to criticized research practices; some examples include p-hacking (manipulating data in a certain way to induce a statistical significant p value during analysis), intentionally excluding data, and HARKing (hypothesis after results are known). The more blatant and flagrant practices would include falsification and fabrication of data and plagiarism.
With this topic appearing in the popular press, this source guide can be used by government information librarians and others to familiarize themselves with the government resources on this topic. The resources below give an idea of which agencies are discussing and responding to this issue as well as how Congress is looking at implementing laws to govern agency use
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of scientific data and what agencies should be doing to promote reproducibility and sound science.
Agency Initiatives and Grant Funding
A Framework for Ongoing and Future National Science Foundation Activities to Improve Reproducibility, Replicability, and Robustness in Funded Research, Office of Management and Budget, December 31, 2014
The Framework summarizes reproducibility, replicability, and robustness in relationship to confidence of published research results. It emphasizes that different practices exist across various fields and subfields. This framework notes that the key elements include scientific question formulation, data collection, data sharing, data curation, instruments, models, analysis of findings, and research outputs. Regarding data, the text emphasizes exploration of open access policy changes. Regarding interpretation of findings, "directorates will launch initiatives to introduce language into solicitations requesting that research plans describe how datasets would be assembled and analyzed" as to prevent data dredge (otherwise known as searching for statistical significance or HARKing). The Framework also mentions the need to disseminate studies with negative results stating, "NSF will also explore policy changes that would encourage researchers to include null findings and negative findings in project reports." Access: https://www.nsf.gov/attachments/134722/public /Reproducibility_NSFPlanforOMB_Dec31_2014.pdf. This "Dear Colleague" letter from Roger M. Wakimoto, Assistant Director, Directorate for Geosciences, National Science Foundation reaffirms support for reliability, reproducibility, and robustness and notes that the directorate continues "to welcome proposals related to enhancing the validity of the data and outcomes of research in all GEO programs." Specifically mentioned are community approaches, including comparisons of techniques, instruments, and models, assessment and development of best practices, implementation of data management policies, and investments in infrastructure to make data and metadata available. Access: https://www.nsf.gov/pubs/2016/nsf 16083/nsf16083.pdf.
Rigor and
Reproducibility and Rigor in REE's Portfolio of Research, United States Department of Agriculture (USDA), September 20, 2016
REE in the title of this document refers to Research, Education, and Economics, a unit in the Department of Agriculture. This document covers the USDA's Science Advisory Council examination of reproducibility in agriculture and nutrition related disciplines. The Science Advisory Council report includes definitions of reproducibility, replicability, and generalizability. The main question addressed was, "What actions can and should USDA take to foster reproducibility and rigor in USDA-supported research?" They refer to agriculture and nutrition research rigor issues also being identified in biomedical and social science disciplines. Topics explored included data dredging, null results as related to publication bias, underpowered studies, suboptimal reporting of methods, and weak study design and execution. Specific to agriculture research, underpowered studies may be a result of crop production season durations. Regarding human research, this report addresses
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ethical issues that may make it difficult to reproduce research. The following solutions were proposed and summarized: open data, pre-registration, collaboration (e.g., cooperative data sharing agreements), computer automation to reduce errors, open methods, and USDA reporting guidelines. They advise that funding requests and post-award management should address rigor and reproducibility similar to processes already in place at NIH. This report cites several existing documents that provide guidance on rigor (e.g., USDA Scientific Integrity Policy Handbook). Access: https://www.usda.gov/sites/default/files/documents /nareeeab-reproducibility-rigor-report.pdf. In this "Dear Colleague" letter from Jim Kurose, assistant director, Computer and Information Science and Engineering (CISE), recognition of concerns about standards of reproducibility and rigor in research led to the directorates intention to "support research that improves the level of reproducibility in research on computer systems and networking; modeling, analysis and simulation of computing and communication systems; and cybersecurity." It encourages primary investigators to create rigorous protocols and make these and data available to other researchers. Also encouraged are proposals that "specifically seek to reproduce, verify and/or characterize recent results." Access: https://www.nsf.gov/pubs/2017/nsf17022/nsf17022.pdf.
NIH Initiative on Enhancing Research Reproducibility and Transparency, National Institutes of Health, Last Revised January 2017
This initiative description cites a 2014 Nature article that focuses on self-correcting preclinical research. 6 The article was written by NIH director Francis S. Collins and principal deputy director Lawrence A. Tabak. Collins and Tabak emphasized NIH commitment to systematic changes and encouraged engagement from the biomedical-research community. The initiative webpage cites NIH notices (e.g., NOT-MH-14-004) reflecting efforts to improve the quality of National Institute on Drug Abuse (NIDA) funded research by enhancing the reporting of methods and results. Access: https://www.drugabuse.gov/offices/office-nida-director-od /office-translational-initiatives-program-innovations-otipi /nih-initiative-enhancing-research-reproducibility-transparency. This document is a report written by the Environmental Protection Agency's (EPA) Science Advisory Board (SAB), a public advisory group authorized to advise the agency on scientific matters and review EPA research programs and plans. SAB reports like this one are then hosted at epa.gov/sab among other places. In this document, the SAB is responding to a proposed rule, Strengthening Transparency in Regulatory Science (RIN 2080-AA14 and see entry below). The SAB expresses concern over the time allotted to respond to the rule and how SAB was made aware of the proposed rule. This document summarizes SAB discussions during a teleconference meeting where many topics were discussed including the trend for scientific disciplines to allow for public access of data and analytic methods. Sensitive situations were explained and included confidentiality and privacy of human subject data, cost, effort, and Institutional Review Board requirements. They advise that the EPA define sound science concepts including "replication" and "validation." Access: https://yosemite.epa.gov/sab/sabproduct.nsf/LookupWeb ReportsLastMonthBOARD/4ECB44CA28936083852582BB 004ADE54/$File/EPA-SAB-18-003+Unsigned.pdf.
Congressional Publications
Subcommittee on Research, Committee on Science, Space, and Technology, House Hearing "Scientific Integrity and Transparency, " March 5, 2013 Through this hearing, committee members attempt to understand, "the scope of the problem with scientific integrity, especially how thorough researchers deal with underlying data" and how openness fosters replicability and reproducibility in research. The editor-in-chief of Science magazine discusses the issue of data availability and the crisis of reproducibility; those from academia discuss data and code sharing so that replication can lead to validation; the last witness exhorts Congress, funding agencies, and journal editors to "require data analysis strategies that demonstrate reproducibility." Access: http://purl.fdlp .gov/GPO/gpo37400.
Committee on Science, Space, and Technology, House Hearing "Strengthening Transparency and Accountability Within the Environmental Protection Agency, " November 14, 2013
This hearing reviews the EPA's policies regarding the use of science and research in creating regulations and policies as well as calling for additional transparency and openness in the name of replicability. The administrator of the EPA, Gina McCarthy, is the sole witness with almost fifty pages of discussion and questions with the committee members and almost seventy pages of post-hearing responses to questions submitted by the committee after the hearing concluded. These post-hearing questions from committee members of both parties focused in on specific EPA programs and studies, EPA regulations and rulemaking, and the actions of the agency around particular topics or issues, including the EPA hydraulic fracturing study, air pollution and air quality regulations, and conflicts of interest related to grant funding and participation on advisory groups, to name a few of the many areas examined. Access: http://purl.fdlp.gov/GPO /gpo54932.
Subcommittee on Environment, Committee on Science, Space, and Technology, House Hearing "Ensuring Open Science at EPA, " February 11, 2014
This hearing examines options to improve transparency and reproducibility of regulatory science used by the EPA and to receive testimony on the Secret Science Reform Act of 2014 (HR 4012), legislation that limits the research the EPA can use
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for making regulations to research that is publicly available and therefore usable in the name of reproducibility. Testimony from witnesses discussed why access to data underpinning regulations is so important, with one witness also calling upon more transparency of data by industry since this deference to industry privacy is part of why the EPA cannot make data it uses for regulatory purposes public. In addition, one piece of testimony focused on the impact of regulations on small businesses and how making this data available will help weed out regulations that are not legitimately needed. Access: http://purl.fdlp.gov /GPO/gpo52192.
Committee on Science, Space, and Technology, House Report 113-619 "Secret Science Reform Act of 2014, " November 12, 2014
This report outlines H.R. 4012, a bill that would prohibit the EPA from "proposing, finalizing, or disseminating regulations or assessments based upon science that is not transparent or reproducible," and gives analysis for each section of the bill, why legislation was needed, proceedings of the committee markup, and letters submitted from the public in support of the legislation, among other information related to the bill. It also includes the reported bill text. This report outlines H.R. 1806 with amendments as well as majority and minority views of the bill. The bill is sponsored by Rep. Smith (TX), chairman of the Committee on Science, Space, and Technology. The first section of the bill seeks to revise NSF programs and includes a section about how NSF should police research misconduct and conduct a report "to assess research and data reproducibility and replicability issues in interdisciplinary research and to make recommendations on how to improve rigor and transparency in scientific research." The bill passed the House but died in committee in the Senate. Access: http://purl.fdlp.gov/GPO/gpo57384. This hearing examines how the EPA evaluates and uses science in making policies and regulations. The hearing was a precursor to the HONEST Act (see below) introduced in the House by Rep. Smith (TX), the chairman of the committee for this hearing. Testimonies and statements offer possible steps for EPA reform (reforming Science Advisory Board, making all data public that it uses to make decisions, peer-review process for recommendations and regulations, etc.), but also an urging for Congress to not try to regulate science and the scientific process through which the EPA functions and relies. It also discusses the EPA's over-exaggeration of risk related to public health and environmental hazards and the related lack of clarity within EPA procedures when determining hazards and risk. Access: http://purl.fdlp.gov/GPO/gpo80315.
Subcommittee A discussion of H.R. 1430 (HONEST Act, see above), which includes spirited debate for and against the bill covering various topics including costs associated with the bill, data privacy and sensitive data, economic effects of the bill, and the effect on the EPA's practice and ability, among other important points. Also included are letters of support and opposition from various external groups and a motion to recommit the bill back to committee with an amendment that would allow the EPA administrator to use "the best available science, whether or not it is publicly available in any form, when responding to threats to public health," which ultimately failed. President Donald Trump's Executive Order outlines his desire to avoid "regulatory burdens that unnecessarily encumber energy production, constrain economic growth, and prevent job creation." He also emphasizes in Section 1e the development of environmental regulations "through transparent processes that employ the best available peer-reviewed science and economics," which hearkens to some of the bills introduced in Congress around the idea of using open data in creating EPA regulations. Access: https://www.gpo.gov/fdsys/pkg/FR-2017-03-31 /pdf/2017-06576.pdf.
Memorandum for the Heads of Executive Departments and Agencies, Executive Office of the President, August 17, 2017
